Regurgitant from leaf-feeding beetles (Cerotoma trifurcata, Epilachna varivestis and Diabrotica undecimpunctata) contains RNase activity equivalent to 0.1 to 1 mg/ml pancreatic RNase. When mixtures of pancreatic RNase at 0-1 to 1-0 mg/ml and viruses that are or are not transmissible by beetles, were inoculated to plants using the gross wounding technique, those containing viruses not transmissible by beetles were not infective. Pancreatic RNase at activities up to 25 times that found in beetle regurgitant did not prevent transmission of two beetle-transmissible viruses, whereas RNase at activities one-half that found in beetle regurgitant prevented or greatly inhibited transmission of two viruses not transmitted by beetles.
There is a highly specific relationship between leaf-feeding beetles and the plant viruses they transmit. Early investigators (Smith, 1924; Markham & Smith, 1949) suggested that the ability of beetles to transmit plant viruses is related to the regurgitation of virus from the foregut during feeding. Scott & Fulton (1978) found that both southern bean mosaic virus (SBMV) which is beetle-transmissible and sunn hemp mosaic virus (CP-TMV) which is not, could be detected readily in the regurgitant of beetles that had fed on virus-infected plant tissue. Both viruses were deposited on the leaf surface during feeding but only the beetle-transmissible virus caused infection although the test plant was equally susceptible to the viruses when mechanically inoculated.
In view of the lack of evidence for direct inactivation of plant viruses by regurgitant the effect of regurgitant on the process of virus infection was evaluated. A gross wounding technique of virus inoculation, which mimics beetle feeding, was used instead of the traditional method of rub-inoculation with an abrasive. Inoculation was accomplished by dipping a glass cylinder (7 mm diam.) into the inoculum and then using the wetted edge of the glass cylinder to cut a disk out of the leaf. When this inoculation technique was used to inoculate regurgitant-virus mixtures, only beetle-transmissible viruses were infective (Gergerich et al., 1983) . The factor in beetle regurgitant which selectively prevents transmission of viruses not transmissible by beetles was shown to be a heat-labile macromolecule whose effect on the virus is reversible (Gergerich et al., 1983; Monis et al., 1986) . This work describes the detection of ribonuclease (RNase) activity in the regurgitant of leaf-feeding beetles and provides evidence that RNase is the factor in beetle regurgitant which is responsible for the specificity of plant virus transmission by leaf-feeding beetles.
Five beetle-transmissible viruses [SBMV, bean pod mottle (BPMV), cowpea severe mosaic (CPSMV), squash mosaic (SqMV) and cowpea chlorotic mottle (CCMV)] and three viruses not transmissible by beetles [CP-TMV, the common strain of tobacco mosaic (TMV) and tobacco ringspot (TRSV)] were used in this study. Southern bean mosaic virus, BPMV, TRSV and CP-TMV were purified as described by Gergerich et al. (1983) . Common TMV, CPSMV, SqMV and CCMV were purified as described by Monis et al. (1986) . The buffers used to suspend virus pellets and for activity assays were 0.1 M-sodium acetate buffer pH 5.0 and 0.1 M-phosphate buffer pH 7.2 for CCMV and BPMV, respectively, and 0.01 M-phosphate buffer pH 7.2 for all other viruses. Mexican bean beetle adults and larvae, Epilachna varivestis Muls., were reared in the laboratory. Spotted cucumber beetles, Diabrotica undecimpunctata howardii (Barber), and the bean leaf beetle, Cerotoma trifurcata (Forst.), were collected from the field. Adults and larvae were induced to regurgitate by holding them between thumb and forefinger and teasing the mouthparts with a capillary glass tube into which the emitted regurgitant was collected. Regurgitant was used immediately or was stored at -20 or 4 °C in closed glass capillary tubes.
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RNase activity was assayed spectrophotometrically by measuring the increase in A~6~o TM of a solution of 1 ~o RNA (Type XI from baker's yeast; Sigma) in 0.1 M-sodium acetate pH 5, at 37 °C (Kalnitsky et al., 1959) . One unit of enzyme activity caused an increase in A~g~ of 1.0. Standards consisted of 1 to 100 gg/ml pancreatic RNase in 0.1 M-sodium acetate buffer pH 5.0, and enzyme activities are the average of two assays with each sample replicated twice within the assay. RNase activity in regurgitant or plant sap was assayed after appropriate dilution in 0-1 Msodium acetate buffer pH 5.0. Plant sap was extracted immediately before assay from young plants of cowpea [Vigna unguiculata (L.) Walp. subsp, unguiculata cv. Monarch] and bean (Phaseolus vutgaris L. cv. Black Valentine) with a leaf press. RNase activity was present in regurgitant from three different species of leaf-feeding beetles ( Table 1) . The most RNase activity (2600 units) was in regurgitant from adult Mexican bean beetles, and although less was in regurgitants from spotted cucumber and bean leaf beetles this activity was seven-to 90-fold greater than that found in cowpea or bean sap.
The gross wounding technique was used to examine the effect of regurgitant or RNase on virus transmission. Equal volumes of regurgitant or bovine pancreatic RNase [Sigma Type I-A EC 3.1.4.22 (now EC 3.1.27.5), suspended in the same buffer as the virus] or buffer alone, were added to purified virus and the mixtures were inoculated to a systemically susceptible host. Two weeks after inoculation plants were indexed for virus infection by gel-diffusion serology.
When bovine pancreatic RNase was mixed with purified viruses so that the activity of the RNase in the final inoculum was as great as or greater than that found in beetle regurgitant, the beetle-transmissible viruses were infective but the viruses not transmissible by beetles were not (Table 2 ). An interesting host effect was observed with CPSMV: in Monarch cowpea it behaved like other beetle-transmissible viruses in that it was infective when RNase or regurgitant was present in the inoculum, but in Black Valentine bean, it, like viruses not transmissible by beetles, was poorly or not infective when RNase or regurgitant was in the inoculum. Cowpea chlorotic mottle virus, which is inefficiently transmitted by beetles (Hobbs & Fulton, 1979) , behaved like a virus not transmissible by beetles in that both RNase and regurgitant inhibited infection by this virus. Table 3 shows that the transmissibility of SBMV and BPMV was unaffected, by concentrations of RNase greater than that found in regurgitant (five-to 25-fold) but that transmissibility of TRSV and CP-TMV was largely lost when RNase equivalent to about 5 ~ of the activity in regurgitant was present.
Results of experiments with various virus-host combinations indicate that purified pancreatic RNase can reproduce the selective effect that regurgitant has on virus transmission. * The viruses were suspended in 0.01 M-phosphate buffer pH 7-2, except for CCMV and BPMV which were suspended in 0-1 M-acetate buffer pH 5-0 and 0.1 M-phosphate buffer pH 7-2, respectively. Virus suspensions were mixed with an equal volume of the same buffer, or of 3.0 mg/ml RNase in the same buffer, or of Mexican bean beetle regurgitant. Ribonuclease may selectively inhibit those not transmissible by beetles by irreversibly binding to or inactivating the viruses, but neither mode of action appears to be functioning with those which have been examined. CP-TMV (Gergerich et al., 1983) and zucchini yellow mosaic virus, an aphid-transmitted potyvirus (Monis et al., 1986) , were not infective in the presence of regurgitant but the effect was reversible (Gergerich et al., 1983; Monis et al., 1986) . The situation probably varies, however, depending upon the particular beetle non-transmissible virus. For example, Francki (1968) showed that cucumber mosaic virus was inactivated in vitro by RNase concentrations of 0.01 I~g/ml, a concentration of RNase much lower than that present in beetle regurgitant. Ribonuclease in beetle regurgitant may directly inactivate CMV prior to delivery of the virus during beetle feeding. In contrast, brome mosaic virus and CCMV, which are inefficiently transmitted by beetles, are known to swell at a pH of 6 or greater and are then susceptible to RNase (Lane, 1974) . The pH of Mexican bean beetle regurgitant is approximately 5.5 (unpublished results) and bromoviruses in regurgitant should thus be unswollen and resistant to RNase degradation. Monis et al. (1986) showed that infective CCMV could be recovered from regurgitant-CCMV mixtures. It appears then that the lack of infection by CCMV when inoculated with regurgitant or RNase using the gross wounding technique is not due to swelling and subsequent degradation of virion RNA.
Short communication
The initial events which take place during infection of plant cells by viruses are poorly understood. When the gross wounding inoculation techniques is utilized, there is selective transmission of viruses in the presence of RNase, suggesting that the RNase effectively blocks some early event with many plant viruses. The fact that some other viruses are not similarly affected indicates that the selective action of RNase may be a valuable aid in studying these events in the infection process.
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